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Abstract: In this letter the role of electromagnetic ﬁeld in the L.R.S Bianchi type II universe
has been investigated. To get solution, the expansion (θ) in the model is assumed to be
proportional to the shear (σ). It is shown that when the matter phase changes from stiﬀ
to anti-stiﬀ ﬂuid the universe expansion converts from decelerating to accelerating. In case of
anti-stiﬀ ﬂuid it is found that the electromagnetic ﬁeld caused the universe to be accelerating
under certain conditions. The physical and geometrical behavior of these models are discussed.
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1. Introduction
Although the present day universe is satisfactorily described by homogeneous and isotropic
models given by the FRW space-time but as we know the universe in a smaller scale is
neither homogeneous nor isotropic nor do we expect the universe in its early stages to
have these properties.
In fact, to get physically realistic description of the universe one has to consider inho-
mogeneous models. In this case, the solutions of Einstein’s ﬁeld equations become more
complicated or may be impossible. Therefore, many theoretical cosmologists are trying to
use the spatially homogeneous and anisotropic Bianchi type models instead of inhomoge-
neous models. These types of space-times present a ”middle way” between FRW models
and inhomogeneous and anisotropic universes and hence play an important role in mod-
ern cosmology. The choice of anisotropic cosmological models in Einstein system of ﬁeld
equations leads to the cosmological models more general than Robertson-Walker model.
Bianchi type cosmological models are important in the sense that these are homogeneous
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and anisotropic, from which the process of isotropization of the universe is studied through
the passage of time. The simplicity of the ﬁeld equations made such Bianchi space time
useful in constructing models of spatially homogeneous and anisotropic cosmologies.
The equation of state parameter is considered as ω =
p
ρ,w h e r ep is pressure and ρ is
the energy density of the ﬂuid. Although in general, ω is a function of time or redshift
(Jimenez [1]; Das et al. [2]; Ratra and Peebles [3]) but it is not at all obligatory to use a
constant value of ω with phase wise value −1, 0, 1
3 and +1 for vacuum ﬂuid (anti-stiﬀ),
dust ﬂuid, radiation and stiﬀ dominated universe, respectively. Among these values,
ω =+ 1 ,−1 shows two diﬀerent and important situations. Stiﬀ ﬂuid which is described
by ω = +1 creates more interest in cosmology because in this case, the speed of light
is equal to speed of sound and its governing equations have the same characteristics as
those of gravitational ﬁeld (Zeldovich [4]). Cosmological models with stiﬀ ﬂuid equation
of state have been studied by many authors (for example see [5-9]). Anti-stiﬀ or vacuum
ﬂuid also has very critical role in modern cosmology. It is mathematically equivalent to
the cosmological constant (Λ). Recent observations of type Ia supernovae [10-12] suggest
that our universe is dominated by dark energy with negative pressure and equation of
state ω = −1. In physical cosmology, astronomy and celestial mechanics, dark energy is
a hypothetical form of energy that permeates all of space and tends to increase the rate
of expansion of the universe. Dark energy remains a complete mystery. The name ”dark
energy” refers to the fact that some kind of ”stuﬀ” must ﬁll the vast reaches of mostly
empty space in the universe in order to be able to make space accelerate in its expansion.
One of the well-established fact today is the occurrence of magnetic ﬁelds on galactic
scale and their importance for a variety of astrophysical phenomena is generally acknowl-
edged [13-17]. It is reasonable to consider magnetic ﬁelds in the energy-momentum tensor
of the early universe. The magnetized string cosmological models are studied by some
cosmologists. Banerjee et al [18], Chakraborty [19], Tikekar et al [20, 21], Bali et al.
[22-27], Yadav et al. [28-29], Pradhan et al [30-33] have investigated Bianchi type I, II,
III, V, IX, VI 0 and cylindrically symmetric magnetized cosmological models in presence
and absence of bulk viscosity and cosmic strings. Recently Pradhan et al [34] have inves-
tigated string L.R.S Bianchi type II universe in general relativity.
Bianchi type II space-time has a fundamental role in constructing cosmological mod-
els suitable for describing the early stages of evolution of universe. Asseo and Sol [35]
emphasized the importance of Bianchi type II universe. In the present letter we have con-
sidered a locally rotationally symmetric (L.R.S) model of spatially homogeneous Bianchi
type II cosmology. To obtain exact solutions, the ﬁeld equations have been solved for two
cases, (i) stiﬀ ﬂuid and (ii) anti-stiﬀ ﬂuids. In case of stiﬀ ﬂuid it has been shown that the
model always gives a decelerating universe. When the universe is fulﬁlled with anti-stiﬀ
ﬂuid which is corresponding to the lambda-dominated universe, the model represents an
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shown that the model is accelerating due to the existence of electromagnetic ﬁeld. The
metric and the ﬁeld equations are presented in Section 2. In Section 3, we deal with
solution of the ﬁeld equations with electromagnetic ﬁeld. Subsections 3.1 and 3.2 deal
with stiﬀ and anti-stiﬀ solutions and their physical and geometric aspects respectively.
Finally, in Section 4, concluding remarks are given.
2. The Metric and Field Equations
We consider the L.R.S Bianchi type II metric in the form [36]
ds
2 = −dt
2 + B
2(dy + xdz)
2 + A
2(dy
2 + dz
2), (1)
where A and B are functions of t only. The energy momentum tensor of the electromag-
netic ﬁeld is given by
Tij =( p + ρ)uiuj + pgij + Eij, (2)
where ui satisfying condition
uiu
i = −1. (3)
p is the isotropic pressure, ρ is the proper energy density and ui represent the four-velocity.
In a co-moving coordinate system, we have
u
i =( 0 ,0,0,1). (4)
The electromagnetic stress-energy tensor Eij is deﬁned in terms of Maxwell tensor Fij as
Eij =
1
4π

FikF
k
j −
1
4
gijFklF
kl

. (5)
The Maxwell’s equations are
Fij;k + Fjk;i + Fki;j =0 , (6)
F
ik
;k =0 , (7)
where a semicolon (;) stands for covariant diﬀerentiation. In the case of Bianchi type II
cosmological model it has been shown by Lorentz [37] that the electric and the magnetic
ﬁelds must be parallel and point in the direction of the z-axis. Due to homogeneity the
electric ﬁeld F30 = E and the magnetic ﬁeld F12 = B depend on t only.The non-vanishing
components of the electromagnetic stress-energy tensor for metric (1) are
|E00| = |E11| = |E22| = |E33| =
k2
A2, (8)
where k is a constant.
The Einstein’s ﬁeld equations (with 8πG=1, C =1 )
Rij −
1
2
Rgij = Tij, (9)296 Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302
for the metric (1) leads to the following system of equations:
2
¨ A
A
+
˙ A2
A2 −
3
4
B2
A4 = p +
k2
A4, (10)
¨ A
A
+
¨ B
B
+
˙ A ˙ B
AB
+
1
4
B2
A4 = p +
k2
A4, (11)
2
˙ A ˙ B
AB
+
˙ A2
A2 −
1
4
B2
A4 = −(ρ +
k2
A4). (12)
where an overdot stands for the ﬁrst and double overdot for second derivative with re-
spect to t.
The spatial volume for L.R.S Bianchi type II is given by
V = A
2B. (13)
We deﬁne a =( A2B)
1
3 as the average scale factor of L.R.S Bianchi type II model (1) so
that the Hubble’s parameter is given by
H =
˙ a
a
=
1
3

2 ˙ A
A
+
˙ B
B

. (14)
We deﬁne the generalized mean Hubble’s parameter H as
H =
1
3
(Hx + Hy + Hz), (15)
where Hx =
˙ A
A, Hy =
˙ B
B and Hz = Hx are the directional Hubble’s parameters in the
directions of x, y and z respectively.
The deceleration parameter q is conventionally deﬁned by
q = −
a¨ a
˙ a2 . (16)
The scalar expansion θ, shear scalar σ2 and the average anisotropy parameter Am are
deﬁned by
θ =
2 ˙ A
A
+
˙ B
B
, (17)
σ
2 =
1
2

3 
i=1
H
2
i −
1
3
θ
2

, (18)
Am =
1
3
3 
i=1

 Hi
H
2
, (19)
where  Hi = Hi − H(i =1 ,2,3).Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302 297
3. Solution of the Field Equations
The ﬁeld equations ([10-12]) are a system of three equations with ﬁve unknown parameters
A,B,p,ρ,λ. two additional constraints relating these parameters are required to obtain
explicit solutions of the system. Following Bali and Jain [38] and Pradhan et al. [39], we
assume that the expansion θ in the model is proportional to the shear σ. This condition
leads to
1
√
3

˙ A
A
−
˙ B
B

= b

˙ A
A
+2
˙ B
B

, (20)
which yields to
˙ A
A
= m
˙ B
B
, (21)
where m = 2b
√
3+1
1−b
√
3 and b are constants. Eq. (21), after integration, reduces to
A = B
m, (22)
where m is a constant. From equations (11) and (12) we ﬁnd
p =
¨ A
A
+
¨ B
B
+
˙ A ˙ B
AB
+
1
4
B2
A4 −
k2
A4, (23)
and
ρ = −2
˙ A ˙ B
AB
−
˙ A2
A2 +
1
4
B2
A4 −
k2
A4. (24)
now we consider the following two cases:
3.1 Case I: Stiﬀ Fluid
In this case
p = ρ (25)
From eqs. (22)-(25) we obtain
¨ B
B
+2 m
˙ B2
B2 = 0 (26)
Let ˙ B = f(B) which implies that ¨ B = ff ,w h e r ef  =
df
dB. Hence (26) can be written as
d
dB
(f
2)+
4m
B
f
2 =0 . (27)
By integrating eq. (27) we ﬁnd
B =[ l(2m +1 ) t + c]
1
2m+1. (28)
Hence,
A =[ l(2m +1 ) t + c]
m
2m+1, (29)298 Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302
where l and c are integrating constants. Thus the metric (1) reduces to
ds
2 = −dt
2 +[ l(2m +1 ) t + c]
2
2m+1(dx + zdy)
2 +[ l(2m +1 ) t + c]
2m
2m+1(dy
2 + dz
2). (30)
After a proper choice of coordinates i.e. [l(2m +1 ) t + c]=T, x = X, y = Y and z = Z ,
(30) can be written as
ds
2 = −
dT 2
l2(2m +1 ) 2 + T
2
2m+1(dX + ZdY)
2 + T
2m
2m+1(dY
2 + dZ
2). (31)
The pressure (p) and the energy density (ρ) for the model (31) are given by
p = ρ = T
− 4m
2m+1

1
4
T
2
2m+1 − k
2

− ml
2(m +2 )
1
T 2. (32)
From eq. (32), we observe that the energy density ρ is a decreasing function of time.
Also the energy conditions, ρ ≥ 0 is satisﬁed under condition
T
2
2m+1

1
4
T
2
2m+1 − k
2

≥ m(m +2 ) l
2. (33)
The expressions for the scalar of expansion θ, the average generalized Hubble’s pa-
rameter H, magnitude of shear σ2, proper volume V , deceleration parameter q and the
average anisotropy parameter Am for the model (31) are given by
θ =3 H =
(m +2 ) l
T
, (34)
σ
2 =
(m − 1)2l2
3T 2 , (35)
V
3 =
√
−g = T, (36)
q =2 , (37)
Am =2

1 − m
1+2 m
2
. (38)
From eqs. (34) and (35), we obtain
σ2
θ2 = constant. (39)
The model (31) starts with a big bang at T = 0. The expansion in the model decreases
as time increases. The proper volume of the model increases as time increases. Since σ
θ is
constant the model does not approach isotropy except for m = 1. There is a point type
singularity in the model at T = 0 [40]. Form (37) we see that as long as the universe
is fulﬁlled with stiﬀ ﬂuid the solution of Einstein’s ﬁeld equation for L.R.S Bianchi II
always gives a model of universe with decelerating expansion. Eq. (34) shows that the
Habble’s parameter is a decreasing function of tim and less than one which is according
to the non-ﬂat models.Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302 299
3.2 Case II (Anti-Stiﬀ Fluid)
In this case
p + ρ = 0 (40)
From eqs. (22)-(24) and (40) we obtain
2 ¨ B −
4m
(m +1 )
˙ B2
B
=
4k2
(m +1 )
B
(1−4m) −
1
(m +1 )
B
3−4m. (41)
Let ˙ B = f(B) which implies that ¨ B = ff ,w h e r ef  =
df
dB.
d
dB
(f
2) −
4m
(m +1 )
f2
B
=
4k2
(m +1 )
B
(1−4m) −
1
(m +1 )
B
3−4m. (42)
By integrating Eq. (38) we obtain
f
2 =
4k2
2 − 6m − 4m2B
−2(2m−1) +
1
4m2 +4 m − 4
B
−4(m−1) + l0B
4m
m+1. (43)
To get deterministic solution in terms of cosmic time t, we assume l0=0. Thus (43) takes
the form
f
2 = aB
−2(2m−1) + bB
−4(m−1), (44)
where,
a =
4k2
2 − 6m − 4m2,b =
1
4m2 +4 m − 4
. (45)
Therefore,
dB
√
aB−2(2m−1) + bB−4(m−1) = dt. (46)
It is clear that for m ≤ 1
2 above integral does not have any solution. To get deterministic
solution, we suppose m = 1. In this case from (46), after integrating, we ﬁnd
B
2 =
t2
4
+2 k
2. (47)
Thus, the metric (1) reduces to
ds
2 = −dt
2 +(
t2
4
+2 k
2)
	
(dx + zdy)
2 +( dy
2 + dz
2)


. (48)
The pressure (p) and the energy density (ρ), for the model (48) are given by
p = −(
t2
16
+ k
2)(
t2
4
+2 k
2)
−2 +
1
4
(
t2
4
+2 k
2)
−1, (49)
ρ =(
t2
16
+ k
2)(
t2
4
+2 k
2)
−2 −
1
4
(
t2
4
+2 k
2)
−1. (50)
It is worth mentioning that from eq. (50) we observe that the energy condition ρ ≥ 0i s
always satisﬁed.300 Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302
The expressions for the scalar of expansion θ, the average generalized Hubble’s param-
eter H, magnitude of shear σ2, proper volume V and the average anisotropy parameter
Am for the model (48) are given by
θ =3 H =
3
4
t(
t2
4
+2 k
2)
−1, (51)
σ =0 , (52)
V
3 =(
t2
4
+2 k
2)
3
2, (53)
Am =2

1 − m
1+2 m
2
=0 . (54)
From (51) and (52) we ﬁnd
σ
θ
=0 . (55)
The deceleration parameter is given by
q =1−
(t2 +8 k2)
t2 . (56)
From (57), we observe
q<0 if k
2 > 0, (57)
and
q>0 if k
2 < 0. (58)
Therefore from above two equations we come to this conclusion which in this case our
model always represents an accelerating universe.
In other hand we have
¨ S =
1
2
(t
2 +8 k
2)
− 1
2 −
t2
2
(t
2 +8 k
2)
− 3
2 (59)
From eqs. (56) and (59) we observe that in this case the universe is accelerating due to
the existence of electromagnetic ﬁeld.
The model (48) does not start with a big bang at t = 0. Thus our model is free from
singularity at initial time. The expansion in the model decreases as time increases. The
spatial volume of the model increases with time. Since σ
θ is zero, this model represents an
isotropic universe. In absence of electromagnetic ﬁeld i.e. when k → 0, the model exist
but from (56) we see that in this case the rate of expansion will be constant. Thus, as
long as the L.R.S Bianchi type II universe is fulﬁlled with anti-stiﬀ ﬂuid we must consider
the existence of electromagnetic ﬁeld to get a realistic model of universe with accelerating
expansion which is in agreement with observations of supernovae type Ia [10]-[12].Electronic Journal of Theoretical Physics 9, No. 26 (2012) 293–302 301
4. Concluding Remarks
Some L.R.S Bianchi type II cosmological models with stiﬀ and anti-stiﬀ distributions
of matter are obtained in presence of electromagnetic ﬁeld. It is shown that in case of
stiﬀ ﬂuid L.R.S Bianchi type II only can represent a decelerating universe. In this case,
electromagnetic ﬁeld does not play an important role. When the universe is fulﬁlled
with anti-stiﬀ ﬂuid the model does not start with big bang at t = 0, i.e. it is free from
singularity. In this case, it is also shown that an accelerating model of universe only can
exist in presence of electromagnetic ﬁeld under certain conditions. In the other word, we
have constructed a cosmological model in which existence of electromagnetic ﬁeld cause
the universe to be accelerating.
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